Introduction
Natural areas serve as foundations for several regional conservation strategies.
Sarah Greene degradation, fragmentation, and permanent conversion of land for other human uses. Second, natural areas are managed for their natural processes and therefore can serve as controls for research studies, baselines for management activities, and living laboratories for education. Third, as protected sites, natural areas provide a range of necessary ecological services for humans, including carbon sequestration, air and water filtration, water supply and regulation, erosion and sediment control, and local climate regulation. Finally, natural areas hold aesthetic, cultural, and intrinsic values that contribute to an increase in the quality of life for humans (Thompson and Starzomski 2007, Wilson 1984) . These values are at risk of being lost because of a changing human demographic that is becoming increasingly disconnected from the natural world (Louv 2005, Pergams and Zaradic 2008) . The Pacific Northwest Interagency Natural Area Committee has been working together since the late 1960s to promote the recognition, establishment, and management of natural areas throughout Oregon and Washington. The committee currently comprises individuals representing 8 federal agencies; 10 state, county, and city agencies; and 2 nongovernmental organizations (table 1) . One of the first committee projects was to identify key components of a multiagency, natural areas program (Dyrness et al. 1975) . This led to the development of state heritage plans that used statewide inventories of wildlands to identify missing representations of ecosystems in the program (ONHP 2003 , WDNR 2007 . In 1991, the committee produced a set of guidelines for writing management and monitoring plans for natural areas (Greene et al. 1991) . As a result of these and other efforts by natural resource professionals across the region, the natural areas program today has grown to over 400 sites spanning over 900,000 acres (367 000 ha), eclipsed only by wilderness and national parks for areas set aside to protect wildlands (table 1) .
The point has now been reached where a cohesive network strategy may be needed to realize the full range of potential benefits from the natural areas program.
There are several justifications for taking a cooperative approach to developing such a network. First, a growing number of land management issues cross ownership boundaries. A shared strategy allows opportunity for developing efficient and proactive approaches for dealing with environmental threats including catastrophic fire, invasive species, insect outbreaks, and climate change. Third, there is growing recognition that conservation efforts must be planned and implemented at varied spatial and temporal scales (Lindenmayer and Franklin 2002 , Soulé and Terborgh 1999 , Wiens 1989 . Today, most natural areas are managed on a site-by-site basis with the intent to preserve ecosystems in perpetuity. However, all ecosystems will change over time as a consequence of natural processes and anthropogenic influences, regardless of management actions (Cole et al. 2008) . Site-specific focus also does not consider the need for connectivity and permeability across the landscape that allows for flow of organisms over time-political boundaries are not recognized by most organisms (Lovejoy 2006) . Planning solely at an agency level is also a problem, given that ecosystem representation is limited by the geopolitical boundaries of each agency (figs. 1 and 2). Therefore, a shared network strategy at a hierarchy of levels (from local to global) may be the only long-term solution for ensuring that the richness of regional and global ecosystems persists over time. Metro (Portland-area regional government) Benton County The Nature Conservancy 
Purpose
The purpose of this document is to form the foundation of a strategy that can help turn the various natural areas programs in Oregon and Washington into a resilient network that is more strongly connected by shared agency objectives, management activities, research experiments, educational programs, and the continuum of ecosystems found across the region so that the full potential of these sites for meeting human and ecological needs can be realized. Five administrative areas are emphasized-inventory and designation, management, research, monitoring and data management, and education and communication. This strategy recognizes that no single agency has the capacity to represent or manage the diverse sites needed for comprehensive ecological representation, yet each agency has something valuable to contribute to the strength of the network. Common themes across emphasis areas include (1) use of partnerships and collaboration among agencies whenever possible in developing plans and carrying out strategic actions, (2) use of science as a basis for decisionmaking, (3) prioritizing tasks, and (4) seeking adequate internal and external support.
This strategy represents views of scientists and natural area professionals from a broad range of agencies and organizations in Oregon and Washington. However, it is not binding upon any of the participating agencies. This strategy should instead be viewed as an opportunity to meet individual agency missions by taking advantage of the synergy that can result from multiple groups working toward common Twin Creek Research Natural Area, Olympic National Park, Washington. goals, while still recognizing that constraints may be in place that restrict the ability of a given agency to achieve some of the goals outlined here. Additionally, meeting some goals may require changes in current agency procedures, protocols, or policies. In that case, this strategy may help provide compelling rationale for making such changes. It is also hoped that this strategy will be further developed over time and might stimulate thought for strengthening a national interagency network of natural areas both within and across agencies. Regardless of how this strategy is used, the desired outcome is a network of natural areas that can maintain highquality ecosystems on the landscape that provide important ecological goods and services, meet the growing scientific and educational needs within the region, is resilient to human-induced change, and can accommodate natural changes over the long term.
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Vision
A network of natural areas is built that represents the full diversity of ecosystems found across the region while recognizing that each site is a dynamic ecosystem that will change over time.
Emerging Questions
• What should a "complete" natural areas network look like and what should the primary linkages be within this network?
• Can a network be designed in such a way that it is resilient to changes that will reshape these ecosystems over time?
I. Inventory and Designation
Inventory and Designation Goals
► Define and build a complete natural areas network for Oregon and Washington.
► Ensure that regional ecosystems and any associated rare species are represented in the natural areas network over the long term.
► Reduce institutional barriers to natural areas designation and access to establishment information.
► Improve establishment documentation.
Strategic Actions
► Complete establishment documentation, including up-to-date legal boundary descriptions, geographic information system maps, establishment reports, and guidebooks for both new and existing sites and establish a central file location accessible to all partners and interested publics (such as an interagency Web site).
► Add remaining missing ecosystems and species listed in current state heritage plans to the natural areas network, beginning with high-priority sites (ONHP 2003 , WDNR 2007 (ONHP 2003 , WDNR 2007 . Although natural areas need not be large to protect rare, relatively sessile species (e.g., tens of acres), setting aside adequate space for ecosystem-level representation generally requires much larger sites (e.g., hundred to thousands of acres), and these are becoming increasingly difficult to find in places where human development is extensive.
As part of designation efforts, further conceptual development may also be needed to determine the composition of sites that should be included in a complete
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and resilient network. Today, each natural area represents an ecosystem that is relatively unique within the network (even if common to the landscape), and based primarily on plant associations. This approach may not be sufficiently holistic, especially given the large variation in structural and biological complexity that can be found within many of the plant associations in the Pacific Northwest.
Representation by plant association also does not ensure that sites represent fully functioning ecosystems or consider that these ecosystems are dynamic and will change over time.
One option is to build a redundant natural areas network, with multiple representations of each ecosystem along a gradient of ecological stages and conditions. Such a network would allow for natural change to occur on any given site over time, while still maintaining representation of the ecosystem elsewhere in the network.
The network could also be expanded to include biodiversity "hotspots" such as sites with rare species or those that comprise unique compositions of taxa that are not adequately captured by plant associations.
Site redundancy may be especially important given the growing recognition that climate change (natural and anthropogenic) may pose the greatest challenge to long-term management of natural ecosystems (Malcolm et al. 2002) . However, redundancy alone will not be adequate to protect some sites in the face of environmental change. For example, climate change will likely result in differential shifts in plant and wildlife communities along moisture and elevational gradients as each organism responds uniquely to environmental change (Lovejoy 2006 ). This will require thinking about landscape permeability for organisms over time. Thus, a natural areas network should also consider how landscape context and management activities that occur outside of natural areas will influence effects of environmental changes at each site over time.
The complexity of the establishment process itself and length of time it takes to get a site established can be an impediment to designation. In some cases, it has taken over two decades to get sites formally established. For some agencies, procedures have been greatly streamlined in recent years as a result of policy changes that have reduced the number of steps needed for designation. Delays have also resulted from determinations that a site is not suitable as a natural area during the establishment process (e.g., conflict with other land use designation). Designating multiple alternative sites during establishment can be useful in preventing such delays.
Part of a complete natural areas network is also an administrative framework that can provide accurate and organized metadata associated with each site, including formal establishment records, legal boundary descriptions, and maps. Although many sites have some form of establishment documentation, the completeness and quality of this information varies among sites and agencies. For example, several natural areas were delineated before modern survey equipment was available. As a result, boundary descriptions and maps are not always accurate, which may result in inappropriate management activities being conducted on the site, especially near the boundaries.
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Finally, better access to data and metadata will be needed, especially for promoting the use of natural areas. Often this information is not available electronically or is scattered across a number of platforms (e.g., geographic information system [GIS] map overlays in one department, hard copy records of establishment reports in another department). Guidebooks or other documents that synthesize establishment information (including designation purpose, general ecological characteristics, species lists, maps, and directions) are useful for locating sites, screening sites as potential research study areas, and for planning educational activities like field trips. Such public documentation is currently available for about 25 percent of the federal natural areas (Franklin et al. 1972 , USDA FS 2009b . A number of alternative formats for synthesizing and publishing this information on public Web sites also exist that can facilitate access to natural areas administrative information.
Vision
An adaptive, intentional, and science-based approach to management results in a natural areas network that is resilient to threats and environmental changes that will take place over time.
Emerging Questions:
• Can natural areas be managed in such a way as to be resilient to future human and natural-caused changes?
• Can natural areas be managed to prevent or minimize inappropriate human use?
• Should natural processes solely determine future conditions or should some sites be held at a particular stage of ecological development to meet original establishment objectives in perpetuity?
II. Management
Management Goals
► Use an interdisciplinary, adaptive, and intentional approach to make informed and welldocumented management decisions.
► Respond to potentially catastrophic disturbance such as human-caused fire, invasive species, and insect or disease outbreaks in a way that meets long-term natural area goals.
► Minimize the impacts of humans on natural processes at each site, especially those with heavy use.
Strategic Actions
► Establish site-specific long-term management objectives and priorities for each natural area and complete management plans that include addressing relevant issues and threats.
► Review and update current management plans, especially those created several decades ago that lack contemporary science-based management objectives. Resurvey/reinventory these sites as appropriate.
► Develop a site-specific, network-wide response plan to potential threats such as fire, invasive species, and insect or disease outbreaks.
► Develop water management plans that help protect natural areas that contain aquatic systems that could be used in fighting fire.
► Develop a curriculum for training permanent and seasonal fire personnel that work in and around natural areas. Incorporate this curriculum into standardized interagency wildfire training.
► Identify ecological communities and species that are most likely to be sensitive to climate change, and target these sites for more intensive, regular monitoring (Lawler and Mathias 2007) .
► Establish early detection and rapid response programs and conduct regular surveys for invasive species, including transportation routes leading to natural areas (USDA FS 2004) . Create GIS maps of current invasive species on each site and in surrounding areas.
► Develop a sign program that can be used to identify site boundaries to minimize trespass issues and inform the public of the importance of these sites.
► Develop criteria and protocols for managing human use of natural areas, including research, education, and recreational use.
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• Will there be a time when select exotic species are accepted as part of these systems?
• What weight should be given to current predictions for climate changes and how will this affect decisions for when and where to take management actions?
• Can sufficient resources be found to accomplish strategic actions and effectively manage natural areas?
The ecosystems represented in the natural areas network today are the result of cumulative effects of both natural and anthropogenic influences over millennia.
They are not "pristine" in the sense that they have never been influenced by
humans, yet they do represent some of the best examples of ecosystems whose present conditions have been primarily formed by nonhuman ("natural") processes.
They are also not static, in that these sites will continue to change over time owing to both natural and human influences. Scientific knowledge and perceptions of the natural world will also continue to evolve, as will social trends, public needs, and legislative and regulatory direction.
Thus, long-term management strategies will need to be both adaptable and intentional in responding to these ecological and social changes (Carey 2007 
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At times, management will need to react to immediate threats like catastrophic human-induced fire or invasive species. Intentional, proactive planning for how best to respond for each site could help reduce some of the negative consequences and costs associated with making decisions on the spot, or case by case. For example, lack of a well-communicated fire response plan may lead to suppression activities that result in unnecessary damage to soils, vegetation, and aquatic systems.
Likewise, lack of an early-detection plan for invasive species may lead to expensive control options that could have otherwise been avoided had the species been detected early. Management will also need to address a growing number of environmental extirpations of rare organisms (Joyce et al. 2008 , Kappelle et al. 1999 , Millar et al. 2007 , Noss 2001 . There is currently little scientific basis for how best to manage for climate change, and it will be important to understand and ultimately manage for climate change at a hierarchy of spatial and temporal scales, from individual organisms to global ecosystems (Mustin et al. 2007) . A number of different strategies may also be required (Millar 2008) . Given its ecological depth and distribution, the natural areas network could serve as an important foundation for studying and developing regional or even global approaches to managing for climate change.
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Future management strategies will also need to address appropriate uses of natural areas as human populations continue to increase in the region. This includes better understanding of the impacts of human activities on natural areas.
A number of concerns have already arisen over off-road vehicle use, horseback riding, livestock grazing, harvesting wildland products like mushrooms and floral greens, hunting, fishing, and camping. Use is especially of concern for sites that have infrastructures such as trailheads, parking lots, or established camp sites that encourage human use. Misuse of sites may, in part, be the result of lack of knowledge or appreciation for the importance of natural areas. Thus, there is potential to reduce human-use impacts through public outreach, education, and greater on-the-ground presence. 
Emerging Questions
• Can baseline and monitoring protocols be developed and used across the entire natural areas network?
• Can a network-wide monitoring strategy be designed that will be useable over the long term?
• Can data be synergistically managed and shared across agencies?
III. Monitoring and Data Management
Monitoring and Data Management Goals
► To establish a monitoring program that is consistent in objectives, priorities, and protocols across the natural areas network.
► To collect monitoring data in a way that can provide both site-specific and network-wide evaluations.
► To provide long-term storage and accessibility of data.
► To use monitoring data to make informed decisions about the management of natural areas.
Strategic Actions
► Develop clearly defined site-specific and network-wide monitoring objectives that include timeframes and criteria for measuring monitoring success.
► Assess the utility of existing monitoring protocols and databases (including baseline documentation) in meeting contemporary management goals, likely future management challenges, and their ability to be combined with other long-term data sets.
► Determine the appropriate ecological indicators needed to measure changes to these systems and the surrounding landscape over time.
► Develop interagency monitoring protocols and databases that have the capacity to link with other monitoring and research databases through use of a centralized database and portal.
► Establish relocatable permanent plots for collecting data at each site.
► Establish a photographic point monitoring program for each site (Hall 2002 Collecting baseline and monitoring data provides a number of useful benefits for the long-term management of natural areas, including (1) site-specific data for making management decisions; (2) feedback on the effectiveness of mitigation, restoration, and offsite management activities; (3) inventory of the ecological characteristics of a site; (4) quantified assessment of natural and anthropogenic influences over time; (5) data for refining monitoring and management protocols; and (6) information for long-term scientific study of ecosystems and ecological processes.
A number of monitoring and data management issues will need to be resolved to strengthen the current monitoring program. First, ecological monitoring programs have been inconsistently established across the network (e.g., <20
percent of federal sites, >50 percent of state sites, but >75 percent of The Nature Conservancy sites). For those sites that are not monitored, information about the site is often limited to lists of plant and wildlife species expected to occur on these sites rather than actual inventories.
Second, where monitoring data are being collected, problems can range from different protocols being used across sites, divergence of protocols over time, lack of connection between data being collected and site management objectives, and resurrect historical data, provides data access to the broader community, reduces time and effort spent searching for data, and allows for data to be used to address broad-scale questions (Michener and Brunt 2000) .
Butter Creek Research Natural Area, Gifford Pinchot National Forest and Mount Rainier National Park, Washington.
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Vision
The depth of research conducted throughout the natural areas network contributes to the understanding and resolution of important scientific, social, and economic issues across a range of spatial and temporal scales.
Emerging Questions:
• Can researchers be encouraged to conduct more studies on and across natural areas, especially those sites that have received little use to date?
• Can research address questions and issues that will contribute to successful management of natural areas?
• Do management or restoration activities preclude the ability to study natural processes?
Research Goals
► Develop and promote awareness for using natural areas as research study sites.
► Make research results available to diverse audiences.
► Encourage research that addresses long-term management goals for the natural area as well as priority management issues.
► Improve documentation of the entire research process, from study proposal to final publication.
Strategic Actions
► Develop Web sites with sections devoted specifically to research that include search tools for species and ecological characteristics at each site and a comprehensive bibliography of all published research conducted across the natural area network.
► Convert journal-based research information into alternative formats that can reach broader audiences (e.g., synthesis papers, varied multimedia formats) ► Promote natural areas as satellite sites for existing national ecological networks.
► Establish consistent criteria for appropriate research use of natural areas, including standardized research application permits.
► Streamline the permitting and approval process for research requests, including the use of electronic submissions.
► Develop distribution lists for dissemination of natural areas research.
► Develop an electronic tracking system for documenting research use at natural areas, including consistent requirements for submitting research request materials, and followup strategies for reporting results and publications.
► Develop and maintain single-source electronic libraries of all research and monitoring projects.
► Present research results from natural areas in synthesis papers, annual reports, newsletters, and other agency communication outlets. Highlight especially those that lead to discovery of a new ecological concept, development of a new management approach, or assist in the understanding of a rare or threatened species.
► Use a team-room or "Facebook" style Web portal for storing research-related materials.
► Develop an interagency (or agency-rotating) research seed grant fund program for conducting studies on natural areas that address pressing management questions.
IV. Research
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A primary purpose for natural areas is to allow study of ecological processes that can improve our understanding of the natural world. Many of the issues facing conservation (climate change, invasive species, etc.) will require refinement of ecological theory and better understanding of ecological processes and function.
Research on natural areas may be one of the best ways to gain this knowledge, especially given that they represent some of the most pristine, intact natural ecosystems left on the landscape.
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A number of important research findings have been based on data collected from natural areas in the past, including studies of old-growth forest that helped lead to the Northwest Forest Plan, the set of documents that has guided management activities on federal lands since 1994 (USDA and USDI 1994). However, many natural areas have received little research attention (Greene et al. 1986 ). Reasons for lack of use are varied, including relative remoteness of sites from other research sites or centers of research, lack of site replication, some sites representing ecosystems not under current scientific scrutiny, and recent establishment for a number of sites. The lack of use has also been the result of unfamiliarity of researchers with the benefits of using natural areas and misconceptions over the types of appropriate research allowed on natural areas. Agencies have also differed in the degree to Finally, using natural areas to build stronger ties between research and management can help strengthen the importance and relevance of research on natural areas.
For example, a number of restoration projects, including woody fuels reduction, prescribed fire, and invasive species control are being proposed for natural areas.
However, there is little information available on the site-specific efficacy of these tools, including how they might affect future ecological processes. Close coordination between research and management in designing studies that evaluate these restoration efforts could provide important feedback that results in better management in and around natural areas, and greater appreciation for the importance of research on these sites. Emerging Questions:
• Can the overall potential negative ecological impacts from increased use of natural areas be reduced or eliminated through increased education, participation, and support by the public?
• How should internal support for the natural areas network best be strengthened?
V. Education and Communication
Education and Communication Goals
► Increase internal and external support for the natural areas network.
► Provide better access to natural areas for the purposes of conservation, education, and connection with nature.
► Encourage broader use of natural areas by those from both traditional environmentrelated sciences and other disciplines (arts and humanities). Part of a strong interagency network includes effective education, communication, and outreach programs. Regional natural areas have been available as outdoor educational laboratories since their inception. Overall use of natural areas as sites for educational activities, however, has been relatively low.
Strategic Actions
Most natural area educational programs to date have focused on educating college-level and higher students, professional societies, and special-interest groups.
There is opportunity to expand the scope of educational activities to include a focus on younger (e.g., K-12) students. Recent social trends in the United States suggest that youth may no longer be getting sufficient exposure to the outdoors, and encounters with nature can help reduce aggression, calm anxiety, and develop a healthy sense of self and place (Pilz et al. 2006) . A number of agencies have recently added youth education as a top emphasis area (e.g., Kimbell 2009 ). Engaging youth can also help promote a future adult population that is environmentally literate and appreciates the importance of natural areas and wildlands (USDA FS 2009a).
Opportunities also exist for expanding the scope of disciplines associated with the use of natural areas beyond traditional science-based fields. For example, individuals from the arts and humanities are increasingly using wildlands as settings for their nature writing, painting, or other forms of artistic expression (e.g., SCAE 2009). Fostering such use on natural areas can help build a constituency that appreciates and supports natural areas.
There is opportunity to expand the scope of educational activities to include a focus on younger students.
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Support can also be fostered within local communities near natural areas by developing volunteer and citizen science programs to assist with research, monitoring, site surveillance, restoration projects, and community outreach (Lowman et al. 2009 , Yung 2007 . Many of the strategic actions presented here can be supported, in part, through the use of volunteers. Volunteers are not free in terms of the amount of staff time needed for recruitment, training, and oversight. However, the benefits of incorporating their efforts can often outweigh these costs, and they offer an alternative for accomplishing tasks, especially when budgets are limited. A number of partners, supporters, and target groups could be considered (table 2) .
There is also need for increasing the understanding and appreciation of natural areas within the agencies that manage them. There are still a number of misconceptions about natural areas-for example, that natural areas are small, unique pieces of land set aside solely to protect an unusual ecosystem. In part, these misconceptions have arisen because information about natural areas is often site-specific (establishment of a single site, result from a single study). These misperceptions also result when the importance of natural areas is not being effectively translated from the field (where most natural area information is generated) in ways that resonate with upper-level management. Therefore, strategic actions include those that can frame information in ways that show network-level strength and that can be directly tied to support of agency missions.
These could include highlighting (1) cost-savings associated with managing natural areas as a network across sites and agencies; (2) important findings from natural areas that increase knowledge for making sound management decisions; (3) the strength of connections with other agencies, partners, and organizations that resulted from participating in the natural areas network; (4) increased public support of management activities as a result of natural areas management or research; (5) the importance of natural areas for providing high-quality sites for research; and (6) broad biodiversity and conservation goals met by natural areas.
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